Rescue of a Rat Tropic Rat Hepatoma Virus Pseudotype Kirsten Sarcoma Virus by Co-Cultivation of Hepatoma Tissue Culture Cells with K-NRK Cells
(Accepted I2 January I976 ) SUMMARY A rat tropic rat hepato ma virus pseudotype Kirsten sarco ma virus has been rescued from a co-culture of rat hepatoma tissue culture cells, HTC-H L with Kirsten murine sarcoma transformed non-producer rat kidney cells (K-NRK). The virus complex, RHHV-KiMSV, released from the co-culture exhibited cell transformation ability on normal rat kidney (NRK) ceils and showed a restricted host range limited to rat embryo fibroblasts and other normal rat celt lines. Evidence derived from indirect immunofluorescence assays demonstrated the association of rat helper virus specific gs-I and gs-3 antigens with RHHV-KiMSV transformed cells. RHHV-KiMSV is currently being cultured at a titre as high as lO 4 f.f.u./ml in tissue culture, and thus offering opportunity for biochemical studies of rat viruses.
Various hepatoma tissue culture cell lines have been shown to contain C-type particles on the basis of morphological and biochemical evidence (Weinstein et al. I972; Orenstein & Weinstein, I973) . Examples of infectious RNA turnout viruses derived from rat cells and produced in vitro at a titre higher than ~o ~ focus forming units (f.f.u.)/ml of media are rare (Ting, I968; Bergs, Bergs & Chopra, ~97 o; Aaronson, I970-Yet potentially rat viruses offer considerable interest for studies of virus-cell interaction including chemical carcinogenesis of hepatoma in vivo. Recently we have examined a few hepatoma tissue culture lines in detail. In this communication evidence will be presented for virus genome rescue from a co-culture of one hepatoma tissue culture line, HTC-HI, with K-NRK (Kirsten murine sarcoma virus transformed non-producer rat kidney) cells, and the cell transtbrmation property and immunological characteristics of such a pseudotype virus will be described.
Hepatoma tissue culture (HTC) cells are heteroploid rat tumour cells established by Thompson, Tomkins & Curran (I966) from an ascitic form of the rat solid hepatoma 7288c originally induced in I962 by the chemical carcinogen, N,N-z,7-fluorenylene-bis-z,z,ztrifluoroacetamide (Morris, I965) . Biochemical properties, principally those involved in corticosteroid responses and some aspects of cytogenetics of HTC cells, have been well studied (Yang, Lippman & Thompson, 1974; Lippman, Yang & Thompson, 1974; Lippman & Thompson, ~974) . These included the induction of tyrosine aminotransferase, altered cell surface characteristics, and specific increases in one iso-accepting form of phenylalanyl transfer RNA as a result of glucocorticoid, specifically dexamethasone phosphate (DXP), treatment of HTC cells. These facts, together with the augmentation of virus induction in mouse systems by DXP, led us to attempt similar experiments in HTC cells. However repeated attempts of virus induction in a few HTC lines including HTC-HI, treated with either 5-iodo-deoxyuridine (1UdR) or 5-bromo-deoxyuridine (BudR) at varying dosages optimal for induction of C-type viruses in the mouse system, with or without the addition of DXP, failed to elicit increased level of reverse transcriptase activity as compared to untreated HTC cells. Neither was the release of infectious C-type virus observed in these chemically treated HTC cells when conditioned media from these cultures were assayed for cell transformation activity. 
* Co-cultivation of HTC-HI cells with K-NRK cells was described in the text. All other co-cultivations were handled in the same manner. The processed conditioned media from control culture or co-cultures, at o'5 ml each were used to infect NRK 1~3 (Biotech Inc., Md. ; cell line t 53) culture or Fisher EF (secondary embryo fibroblasts), seeded at 3ooooo cells/plate in 2 t~g/ml of polybrene (Aldrich Chem. Co., New Jersey), 24 h earlier. The infection was carried out at 37 °C with gentle rocking for 6o rain. The plates were fed 4 rnl of IO % FCS media every other day. Scoring of f.f.u, was carried out on day 6 for positive culture and day 9 for negative culture by phase microscopy.
R.HHV-KiMSV (Fisher EF) refers to the Fisher embryo fibroblast culture infected by RHHV-KiMSV derived from HTC-HT/K-NRK co-culture at passage 9 and has been carried for a few passages.
$ HTq is the hamster MSV transformed non-producer cell line,
Release of an infectious rat tropic rat hepatoma virus pseudotype Kirsten sarcoma virus was readily successful whenHTC-H~ cells were co-cultivated with K-NRK cells at a cell ratio of Io 6 HTC-HI cells to 5 x Io 5 K-NRK cells. The co-culture was fed Dulbecco modified Eagle's media supplemented with IO ~ foetal calf serum (FCS) every other day and kept at 37 °C in a 5~ CO~ incubator. All tissue culture materials were obtained from G1BCO (Grand Island, N.Y.) The co-culture was passed by trypsinization and splitting at a dilution of I to 5-Medium from each passage was collected, centrifuged at 3o0o g to remove cell debris and kept at -70 °C. For assay of cell transformation activity of these media on NRK cells, the media were either filtered through o.45 #m filter (Falcon, Oxnard, Ca.) or further clarified by centrifugation at I5ooo g prior to infection as described in Table I . Results summarized in Table r show the effects of various conditioned media on NRK cells. They suggest that the release of NRK transforming C-type virus by the co-culture occurred as early as passage 4, which probably represented about 15 generations of co-cultivation of HTC-HI cells with K-NRK cells. Conditioned media from control cultures of K-NRK cells alone or from HTC-HI cells alone possessed no transforming activity. Neither do conditioned media obtained from other co-cultures with K-NRK cells, carried in the same manner, exhibit any cell transforming activity (Table I ). The typical morphology of the transformed foci consisted of small refractile round and spindle cells, piled on top of contact-inhibited NRK monolayer. Infectious virus production persisted in such a focus of transformed cells, when cultured out separately. Currently the virus titre in a transformed Fisher secondary embryo fibroblast culture was maintained at Io ~ f.f.u./ml of media (Table I) . This virus is now referred to as RHHV-KiMSV.
K-NRK cells can also be induced by treatment with 5-BudR to release a Kirsten pseudo- Table 2 . i. An extremely minor peak of virus reappeared on day 18 p.i. ; but that too dropped to zero within 3 days. The production of infectious virus by the co-culture of HTC-H1 and K-NRK cells, on the other hand, was not detected until after about 25 to 28 days of cell-cell interaction had occurred between HTC-H I and K-NRK cells. The virus titre of 1UdR/DXP induced K-NRK culture was maintained at a level 2 to 3 log10 f.f.u.]ml lower than that of the co-culture of HTC-HI cells with K-NRK cells. Moreover, the 1UdR/DXP induced endogenous virus from K-NRK cells showed a restricted infectivity limited to NRK culture only; whereas RHHV-KiMSV demonstrated infectivity on not only NRK culture but also Fisher and Osborn-Mendel secondary embryo fibroblasts and RBL-I culture (Buffalo rat liver). In view of these different characteristics, the helper virus that accounts for the cell infectivity and transformation activity of RHHV-KiMSV may therefore have originated from HTC-HI cells rather than from K-NRK cells, although the possibility still exists that HTC-HI cells may have activated the release of an endogenous virus from K-NRK cells with modified ability of infectivity.
Demonstration of RaLV gs-I and gs-3 antigens associated with NRK cells transformed by either RHHV-KiMS V or IUdR/ D XP induced endogenous virus from K-NRK
The possibility that RHHV-KiMSV may be a contaminant mouse virus with a rat coat, exhibiting host specificity of a xenotropic mouse virus, was examined. By indirect fluorescent antibody assay with goat antiserum specific for RaLV, the presence of RaLV specific gs-I and gs-3 antigens (Aaronson, 197I; Gilden, Oroszlan & Huebner, 1970 was detected in NRK cells transformed by RHHV-KiMSV (Table a) . Uninfected cells showed no reactivity with the antiserum. The miniscule reactivity exhibited by the NRK cells transformed by
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MSV-MLV, Moloney sarcoma-leukaemia virus complex (Electronics, Bethesda, Md.), was probably due to the presence of the interspecies antigen (gs-3), which was an expected observation. There was little or no reactivity between anti-Moloney leukaemia virus serum with RHHV-KiMSV infected NRK cells although this specific antiserum demonstrated an extremely high titre when assayed with MSV-MLV-transformed NRK cells (Table 2 ). In contrast, some reactivity was also observed between the anti-Moloney leukaemia virus serum and the NRK ceils transformed by the endogenous virus induced from K-NRK cells by IUdR/DXP treatment, although these transformed NRK cells also showed strong FA titre specific for RaL¥ gs antigens (Table 2 ). These results indicate that both RHHV-KiMSV and the endogenous virus induced from K-NRK cells are rat viruses. Whether the endogenous virus induced from K-NRK cells might have some other variant in the virus stock than the rat C-type cirus has yet to be resolved. Preliminary studies show that RHHV-KiMSV does not infect the known suitable host cells such as mink, mink S+L -, human embryonic kidney, human osteosarcoma, human osteosarcoma S+L - (Henderson, Lieber & Todaro, ~974) which are commonly used for detection of xenotropic mouse viruses. This rules out the possibility of a contaminant xenotropic mouse virus within the RHHV-KiMSV population.
In conclusion, by co-cultivation of HTC-HI cells with K-NRK cells we have succeeded in rescuinga rat tropic virus, RHHV-KiMSV, which probably represents a complex of murine sarcoma virus gene expression with a rat helper virus derived from the hepatoma cells. This virus is currently produced at a titre as high as ~o 4 and Io ~ f.f.u./ml of tissue culture medium. This offers opportunities for biochemical studies of rat viruses on both the enzyme and nucleic acid levels. Such studies may help to elucidate the possible role of RHHV-KiMSV in neoplastic transformation of rat cells.
